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Science and Diagnostics of Battery Failure
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Simulations and Modeling A
A Multi-scale models for understanding thermal

runaway

Validating vehicle crash and failure propagation

MELEE : _ development, to prototyping, to lifetime reliability
Fire Simulations to predict the size, scope, and

consequences of battery fires and destructive testing

Sandia is uniquely positioned to study the entire life

cycle of a technology, from science based

A New technologies present new risks. A high rigor

Procedure Development and Stakeholder Interface . . .
USABC Abuse Testing Manual (SAND ZB0%3) environment at Sandia allows those risks to be
OE Energy Storage Safety Roadmap
R&D programs with NHTSA/DOT to inform best adequately managed.
practices, policies, and requirements A
Hosted International Battery Safety Workshops
and Energy Storage Safety Workshop

Diagnostic tests can be performed under extreme

failure conditions to understand the how and why of
battery failure, as well as the consequences of

energetic failures .




Capabillities

10,000 sq. ft. dry room space

Prototyping for thermal batteries, Li
primary, and Li-ion cells and batteries

Battery design & development
Performance and abuse testing
Synthesis of battery materials
Forensics and analysis

Fundamental electrochemistry
Modeling and simulation*
Environmental testing*

High hazard test facilities (Burn Site)*
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*Facilities leveraged from our Partners in SNL Experimental Sciences Center

3




Battery Abuse Testing Laboratory8ATLal

Comprehensive abuse testing platforms for safety and reliability of cells,
batteries and systems fronrmWh to kWh

Cell, module, and battery system hardware deliverables for testing

Mechanical abuse
Penetration
Crush
Impact
Immersion

Thermal abuse
Over temperature
Flammability measurements
Thermal propagation
Calorimetry

Electrical abuse
Overvoltage/overcharge
Short circuit
Overdischargévoltage reversal




Failure Propagation Testing

Failures initiated by mechanical insult to edge cell of COTS LifGacks (3Ah cells)

5 cell Battery

TC layout
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A Successful initiation at Cell #1
A Propagation to adjacent cells

A Cascading failure to entire battery over 60 s
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Observed complete propagation when cell are close packed with no thermal management
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Failure propagatio@passive mitigation
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A Failure of Cell 1 observed initially.

A Pulsing propagating failure behavior observed over the next several minutes.

A Entire pack consumed ~4 minutes after initial cell failure.

A Similar behavior when using both aluminum and copper spacers.
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